(19) 



J 



EuropMfsches Patentamt 
European Patent Office 
Office europ^en des brevets 



(12) 



(11) EP1 162 224 A2 

EUROPEAN PATENT APPLICATION 



(43) Date of publication: 

12.1Z2001 Bulletin 2001/50 

(21) Application number: 01304920.0 

(22) Date of filing: 05.06.2001 



(51) fntci7: C08G 59/40, C08G 59/50, 
E04C 5/08 



(84) Designated Contracting States: 


• Takagaki, Takashi 


AT BE CH CY DE DK ES Fl FR GB GR iE IT U LU 


1-1, Koyakita 1 -cliome, Itaml-shl, Hyogo (JP) 


MC NL FT SE TR 


• Yoshioka, Takashii 


Designated Extension States: 


1-1, Koyakita 1-chome, itaml-siil, Hyogo (JP) 


AL LT LV MK RO Si 


• Klyosu, KouJI 




1-1, Koyakita 1-chome, Itami-slii, Hyogo (JP) 


(30) Priority: 05.06.2000 JP 2000167991 


• Touda, Yoshltiiko 


25.09.2000 JP 2000290674 


1-1, Koyakita l-chome, Itami-shi, Hyogo (JP) 


(71) Applicant: Sumitomo Electric Industries, Ltd. 


(74) Representative: 


Osaica^shi. Osaica 541-0041 (JP) 


Cross, Rupert Edward Blount et al 




BOULT WADE TENNANT, 


(72) Inventors: 


Verulam Gardens 


- Hirohata, Toshiro 


70 Gray's Inn Road 


1-3, Shimaya 1 -ciiome, Konoharia-i(u, Osaica (JP) 


London WC1X 8BT(GB) 


- Ol^gaki, Yasuji 




1-3, Shimaya 1 -chome, Konoiiana-l(u, Osalta (JP) 





CM 
< 

CM 
CM 

CM 



Q. 

LU 



FIG. 1 



(54) Curable composition for tendon for prestressed concrete and tendon 



(57) A curable composition for application on tiie 
surface of a tendon for prestressed concrete contains 
at least one epoxy resin and at least one molsture-curlng 
type curing agent. In the curable composition, the ten- 
sloning-permitting time L at 90X Is at least 20 hours, 
and the number of days IV1 required to cure at normal 
temperature is at most 1095 days. The curable compo- 
sition permits complete prevention of corrosion without 
relying on injection of a grout into a sheath and can be 
used even when the curable composition is heated to a 
high temperature such as Is generated upon hardening 
of concrete. 
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Description 

[0001] The present invention relates to a curabfe composition for tendons for prestressed concrete, and more par- 
ticularly to a curable composition which is applied to the surface of a tendon used In a post-tension ing system for 

6 prestressed concrete for the purpose of preventing the tendon from being corroded or rusted and obtaining good bond 
characteristic between the tendon and concrete. The present invention also relates to a stieath-covered tendon for 
prestressed concrete, which is not required to inject a grout into a sheath In a post-tensloning system for prestressed 
concrete, is bonded with concrete after tensioning the tendon and is completely prevented from being corroded. 
[00021 A prestressed concrete technique is a technique that steel such as a piano wire is arranged for applying 

10 compression force in advance to a place, on which a tensile load actSr and is tensloned when Ihe strength of concrete 
reaches a certain level. The prestressed concrete technique includes a post-tensloning system and a pretensloning 
system, 

[0003] In the conventional post-tensloning system, a metal-made sheath is burled In concrete before concrete plac- 
ing, a tendon such as prestressing steel (sleef wire for PC, steel strand for PC, steel bar for PC or the Wke) Is inserted 

^5 Into this sheath, and the tendon Is tensloned after hardening the concrete. Lastly, a grout such as a cement milk is 
injected between the sheath and the tendon for preventing the tendon from being corroded and obtaining good bond 
characteristic between the tendon and the concrete. In this system, however, the injecting work of the grout such as 
the cement milk is complicated and forms the main cause of increase In cost, in addition, this system has involved 
such problems that the injection is liable to become Incomplete, and so the tendon may gather rust. 

20 [0004] in order to solve such defects, therefore, for example, Japanese Patent Publication No. 69939/1993 has 
proposed a tendon for prestressed concrete, to the surface of which a resin, with which a curing agent has been mixed 
at a mixing ratio according to the prescribed curing time so as not to cure before the tendon is tensioned and so as to 
cure at normal temperature after the tendon is tensioned, to initiate curing, has been applied. In Examples of this 
publication, curable compositions with a tertiary amine curing agent containing a curing accelerator added to an epoxy 

25 resin are disclosed. 

[0005] Japanese Patent Publication No. 11791/1996 has proposed lhata curable composition comprising an epoxy 
resin as a main component and a latent curing agent that undergoes chemical curing at normal temperature, such as 
dicyandiamide, is provided as a coating material for tendons for prestressed concrete. 

[0006] Accondlng to the method making use of these curable compositions, the tendon can be completely prevented 
30 from being corroded without conducting grcaiting. More specifically, in this method, the epoxy resin (curable composi- 
tion), In which the kind and amount of the curing agent have been adjusted so as not to cure before the tendon is 
tensioned and so as to cure at normal temperature after the tendon is tensioned, is applied to the tendon, and the 
tendon is tensioned after the concrete has hardened and before the epoxy resin cures. At this time, the tensioning Is 
feasible because the epoxy resin is liquid. After the tensioning, the epoxy resin gradually cures at normal temperature 
35 to finally bond the tendon with the concrete and completely prevent it from being corroded. After applying the epoxy 
resin to the tendon, the coated surface may be covered with a resin sheath as needed. In this case, the tendon is 
bonded with the concrete through the resin sheath. 

[0007] However, the conventional curable compositions have involved the following problems. Concrete generally 
generates heat upon curing after the concrete is placed. Therefore, the concrete structure may be heated to a high 

40 temperature near 1 00°C in some cases according to the size and shape thereof. The conventional curable compositions 
are stable at room temperature for a long period of time, but quickly undergo a reaction at a high temperature near 
100°C. It is extremely difficult to control the formulation of a curable composition containing an epoxy resin so as not 
to cure at a high temperature near 1O0''C and so as to retain the curability at normal temperature. 
[0008] When the curable composition applied to the tendon is prematurely cured by the heat generated upon the 

45 hardening of the concrete, the tendon can not be tensioned after the concrete has been hardened. On the other hand, 
when the amounts of the curing agent and curing accelerator are lessened, the premature curing of the curable com- 
position at the high temperature can be prevented. However, the curing period at normal temperature extremely length- 
ens. Accordingly, the technique by the post-tensionrng system for prestressed concrete using the conventional curable 
compositions has involved a problem that applicable places and objects are limited. 

50 [0009] It is an object of the present Invention to provide a curable composldon for tendons for prestressed concrete, 
which can completely prevent the tendons from being corroded without conducting injection of a grout Info a sheath 
and used even when it is heated to a high temperature by heat generated upon hardening of concrete. 
[0010] Another object of the present invention is to provide a sheath-covered tendon for prestressed concrete, which 
is not required to inject a grout into a sheath in a post-tensloning system for prestressed concrete, is bonded with 

55 concrete after tensioning the tendon and Is completely prevented from being corroded. 

[0011] The present Inventors have carried out an extensive investigation with a view toward achieving the above- 
described objects. As a result, it has been found that a curable composition containing at least an epoxy resin and a 
moisture-curing type curing agent, wherein the tension Ing-permitting time at 90''C and the number of days required to 
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cure at normal temperature of the curable composition satisfy the respective specified relaSonships, is suitable for 
tendons for prestressed concrete. 

[0012] When said curable composition Is applied to the surface of a tendon, and the tendon is used in a technique 
for prestressed concrete according to a post-tension ing system, the curable composlffon does not prematurely cure 
5 even when it is heated to a high temperature by heat generated upon hardening of concrete, and so the tensioning of 
the tendon is feasible. In addition, the curable composition undergoes a curing reaction at normal temperature there- 
after, whereby the tendon can be bonded with the concrete directly or through a sheath. The present invention has 
been led to completion on the basis of these findings. 

[0013] According to the present invention, there is provided a curable composition few tendons for prestressed con- 
10 Crete, which Is applied to the surface of a tendon for prestressed concrete, said curable composition comprising at 
least an epoxy resin and a moisture-curing type curing agent, wherein the tensionlng-permitting time L at 90°C, which 
is expressed by the time required untii the viscosity of the curable composition as measured at 25°C at the time when 
the curable composition has been left to stand under environment of 90^*0 and 60% in relative humidity reaches 10,000 
poises, and ^e number of days M required to cure at normal temperature, which is expressed by days required until 
15 the type D Durometer hardness of the curable composition as measured in accordance with JIS K 7215 at the time 
when the curable composition has been left to stand at 25''G reaches 60, satisfy the respective relationships repre- 
sented by the following expressions (1) and (2): 

L (hours) > 20 (1) 



M (days) S 1095 (2). 

25 [0014] According to the present invention, there Is also provided a sheath-covered tendon for prestressed concrete 
having a structure that a curable composition Is applied to the surface of a tendon for prestressed concrete, and the 
coated surface thereof is covered with a sheath, wherein the curable composition comprises at least an epoxy resin 
and a moisture-curing type curing agent, wherein the tensioning-permitting time L at 90''C, which is expressed by the 
time required until the viscosity of the curable composition as measured at 25° C at the time when the curable compo- 

30 srtlon has been left to stand under environment of 90*^0 and 60% in relative humidity reaches 1 0,000 poises, and the 
number of days M required to cure at normal temperature, which Is expressed by days required until the type D Du- 
rometer hardness of the curable composition as measured in accordance with JIS K 7215 at the time when the curable 
composition has been left to stand at 25''C reaches 60, satisfy the respective reiationships represented by the following 
expressions (1) and (2): 

35 

L (hours) ^20 (1) 



^ M (days) < 1095 (2). 

[0015] The following drawings are provided by way of example. 

[0016] Fig. 1 diagrammatically illustrate the relationship between the number of parts x (phr) of a moisture-curing 
type curing agent incorporated into 100 parts by weight of an epoxy resin and tensioning-permitting time L. 
45 [0017] Fig, 2 diagrammatically illustrate the relationship between the number of parts x (phr) of a moisture-curing 
type curing agent incorporated into 100 parts by weight of an epoxy resin and the number of days M required to cure 
at normal temperature. 

[0018] A main component of the curable composition according to the present invention is an epoxy resin. No par- 
ticular limitation is imposed on the epoxy resin, and examples thereof include blsphenol A diglycldyl ether, bisphenol 
50 F diglycidyi ether, novolalt glycidyl ether and tetraglycidyidiaminodiphenylmethane. These epoxy resins may be used 
either singly or in any combination thereof The epoxy resin is preferably a liquid epoxy resin having a viscosity of at 
most 1,000 poises as measured at 25°C. 

[0019] Among these epoxy resins, are preferred bisphenol A diglycidyl ether of a low cost, j,e„ a bisphenol A type 
epoxy resin represented by the following formula: 

55 
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CHi-CH-CHj-f-i 



:h3 



CH, OH ^" 



CH3 



and bisphenof F diglycidyl ether having a low vtscoslty to facilitate tensioning, i.e., a bisphenol F type epoxy resin 
represented by the foiiowing formula: 



CH2-CH-CH24*^HO)"CH2-<^-0Cfij-CH-CH34-0-(^^ 

^O'^ OH J„ \/ 



OH 



In these formulae, n represents a degree of polymerization. In general, a liquid epoxy resin having a degree of polym- 
erization (n) of 0 or about 0.1 is preferably used. These epoxy resins may be used either singly or in any combination 
thereof. 

10020] The moisture-curing type curing agent used In the present invention means a curing agent having a function 
that it reacts with moisture present in the afr to form a curing agent as a reaction product, thereby inltEating a curing 
reaction of the epoxy resin. Compounds having such a function include ketimine compounds. The ketimine compounds 
may be preferably used in the present invention. Ketimine refers to a compound having a structure that the oxygen of 
a carbonyl group In ketone has been substituted by an fmino group. 

[0021] A ketimine compound used In the present invention is an amine compound having at least one primary amino 
group blocked by a carbonyl compound in its molecule. The primary amino group blocked by the carbonyl compound 
is a protected amino group easiiy hydrofyzed In the presence of, for example, water to be converted into a free primary 
amino group and can be typically represented by the following formula: 



— N = C<^ 



R' 



wherein R'' and individually represent a hydrogen atom or a hydrocaribon group such as an alkyl^ cyclohejcyl oraryl 
group, 

[0022] The amine compound may be any of aliphatic, aiicyclic and aromatic amine compounds. Specific examples 
of the amine compound Include aliphatic polyamines such as monoethyl amine, ethylenediamine, propylenediamine, 
alkoxypropylamine and allylamine; aromatic polyamines such as diaminodiphenylmethaneand diaminodiphenyl ether; 
alEcycIic polyamines such as dlamlnocydohexane; and polyamides having at least one primary amino group at their 
molecular chain terminals, 

[0023] Carbonyl compounds used for converting the amine compound into the ketimine include ketones and alde- 
hydes, and specific examples thereof include ketones such as acetone, methyl ethyl ketone, methyl propyl ketone, 
methyl isobutyi ketone, cyclohexanone, acetophenone and benzophenone; and aldehydes such as acetoaldehyde and 
benzaldehyde. 

[0024] The ketimine compound used in the present invention can be obtained by a dehydration-condensation reaction 
of the amine compound with the carbonyl compound. This dehydration-condensation reacSon can be conducted under 
the same conditions as in an ordinary dehydration-condensation reaction of an amine with an aldehyde or ketone. 
More specifically, the dehydration-condensation reaction is conducted by, for example, mixing the amine compound 
with the ketone or aldehyde In an amount not less than the theoretical reaction weight of the amine compound, and 
causing the reactants to react with each other while removing water formed by the reaction. 
[0025] The curable composition according to ^e present invention satisfies the respective expressions (1) and (2) 
as to the tensionlng-permitting time L at 90''C and the number of days fJ\ required to cure at normal temperature. Such 
properties can be substantially achieved by controlling the proportion of the moisture-curing type curing agent Incor- 
porated. The above-described properties can also be achieved by incorporating a latent curing agent, a curing accel- 
erator or the like as a curing auxiliary in addition to the moisture-curing type curing agent into the curable composition. 
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[0026] No particular limitation is Imposed on the fatent curing agent used In the present invention. However, examples 
thereof include dicyandiamides such as dicyandiamide and denvatives thereof, dihydrazldes such as adipic acid drhy- 
drazide, amine adducts, diaminomaleonitriles such as diaminomaleonitrile and derivatives thereof^ and microcapsules 
obtained by wrapping a curing agent (for example, an aliphatic amine, ailcycllc amine or aroniatic amine) into a fjim. 

5 [0027] No particular limitation is imposed on the curing accelerator used in the present invention. However, examples 
thereof include tertiary amine compounds such as 2,4,6-tnsCdiamlnomethyl)phenol (abbreviated as "DMP-30") and 
benzyldimethylamine (abbreviated as "BDMA"), imidazole compounds, and BF3 complexes, 
[0028] Into the curable composition according to the present Invention, may be incorporated a diluent, a filler, a 
thickener, etc. in addition to th& above components as needed. The diluent Is Incorporated for adjusting the viscosity 

10 of the curable composition. When the viscosity of the curable composition Is lowered by the addition of tlie diluent, the 
tensioning can be conducted with ease. As the diluent, may be used, for example, a reactive diluent such as n-butyl 
giycidyl ether, benzyl alcohol, phthallc ester, or the l[l<e. The filler is incorporated for reducing the cost and controlling 
thixolropic property, and examples thereof include calcium carbonate, talc and silica. The thickener ts incorporated for 
increasing the viscosity of the curable composition or preventing precipitation or aggregation of powder such as the 

15 dicyandiamide, and examples thereof Include finely particulate silica such as commercially available Aerosil. The ad- 
ditive components such as the diluent, filler and thickener may be used in respective proper amounts according to the 
purposes. For example, the thickener such as finely partfculate silica is used in an incorporating proportion of preferably 
OA to 15 parts by weight, more preferably 0.5 to 10 parts by weight, particularly preferably 1 to 5 parts by weight per 
100 parts by weight of the epoxy resin. 

20 [0029] When no sheath is used, or the quantity of heat generated upon handening of concrete is great even when a 
sheath is used, water contained In unhardened concrete may penetrate directfy or through the sheath info the curable 
composition in some cases. In work at a rainy season or tn a rainy zone, the curable composition may absorb a great 
amount of moisture. In such a case, a curing reaction is accelerated by water penetrated, and so there is a possibility 
that the desired curing characteristics may not be achieved. As a countenneasure thereof, there Is a method In which 

25 a dehydraOng agent is incorporated in advance to absorb excess water in the dehydrating agent, thereby preventing 
the curing reaction from being accelerated. 

[0030] Examples of the dehydrating agent include calcium oxide, water-absorbing polymers, molecular sieves, silane 
coupling agents and mixtures thereof. Among these, calcium oxide is particularly preferred from the viewpoints of cost 
and water absorption property. No particular limitation fs Imposed on the proportion of the dehydrating agent Incorpo- 
30 rated. When the dehydrating agent is Incorporated, the proportion Is preferably 0.1 to 200 parts by weight, more pref- 
erably 0-3 to 1 00 parts by weight per 1 00 parts by weight of the epoxy resin. In many cases, good results can be yielded 
when the incorporating proportion is at most 50 parts by weight. If the incorporating proportion of the dehydrating agent 
is too low, the dehydrating effect may not be sufficiently achieved in some cases. If the proportion is too high, the 
viscosity of the resulting curable composition becomes too high to incur a possibility that tensioning may become 
■ 35 difficult 

[0031] In the construction making use of ihe sheath, the above-described pn3blem can also be Improved by using a 
resin low in water permeability as a material for forming the sheath. No particular limitation is imposed on the resin low 
in water permeability, and examples thereof include vinyl chloride resins, ethylene • vinyf alcohol copolymers and polya- 
mide resins. 

40 [0032] Contrary to the above, when moisture may possibly be lacking upon use of the curable composition in a dry 
zone, a hydrate Is Incorporated in advance to heat the curable composition to 80 to 150°C before execution, whereby 
water can be released from the hydrate to prevent the lack of curing. Examples of such a hydrate Include aluminum 
sulfate hydrates and calcium sulfate hydrates. These hydrates is used in an Incorporating proportion necessary to 
supply the moisture if desired. 

45 [0033] When a Icetimine compound is used as the moisture-curing type curing agent, the curing speed of the curable 
composition can be accelerated by adding an alcohol, a phenol or a mixture thereof. The curing speed-improving effect 
by the alcohol and/or the phenol is greater at normal temperature than at a high temperature. Therefore, when curable 
compositions are prepared in such a manner that the tensioning-permitting time is equal to each other, the number of 
days required to cure In the curable composition containing the alcohol and/or the phenol is shorter compared with the 

50 curable composition containing no these compounds. 

[0034] No particular limitation is imposed on the alcohol and/or the phenol, and examples thereof include alcohols 
such as methanol, ethanol, isopropyl alcohol and cyclohexanol; and phenols such as benzyl alcohol, phenol, cresol 
and resorctnol. Among these, benzyl alcohol is particularly prefen-ed in that it does not solidify at a low temperature 
and Is hard to volatilize during its storage. No particular limitation is imposed on the incorporating proportion of the 

55 alcohol and/or the phenoL However, it is generally about 0.1 to 30 parts by weight per 100 parts by weight of the epoxy 
resin. If the incorporating proportion of the alcohol and/or the phenol is too low, the Improving effect on curing charac- 
teristics may not be sufficiently achieved in some cases. If the proportion is too high, the viscosity of the resulting 
curable composition is lowered to a great extent, and so such a composition may sag in some cases when it is applied 
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to a tendon such as prestressing steel. 

[0035] An epoxy resin, to whfch a (atent curing agent such as dlcyandiamide disclosed in Japanese Patent Publication 
No. 11 791/1996, and a curing accelerator are added, can be adjusted so as not to cure before a tendon is tensioned, 
since it is stable at room temperature for a long period of time. However, such a resin quickly undergoes a curing 

5 reaction at a high temperature near lOO^'C lil<e the ordinary curing agents. When the amounts of the curing agent and 
curing accelerator added are lessened, the reaction at the high temperature can be slowed. However, curing at normal 
temperature becomes extremely slow, and it takes a long period of time to bond a tendon with concrete. 
[0036J On the other hand, the curable composition according to the present invention can cure within 3 years (1 095 
days), often several months to 3 years at normal temperature by using the moisture-curing type curing agent that 

10 initiates curing by moisture, and moreover can retain an uncured state for a necessary period of time without quickly 
undergoing a reaction even at a high temperature near 100°C, The moisture-curing type curing agent is generally used 
in paints or coatings. The epoxy resin containing the moisture-curing type curing agent is known to cure in several 
hours to several days at normal temperature when It Is thinly coated and exposed to the air. 
[0037] On the other hand, the present inventors have found that excellent curing characteristics suitable for the 

15 present use, which cannot be achieved by the conventional curable composition disclosed In Japanese Patent Publi- 
cation No. 11791/1996, can be brought about by using the moisture-curing type curing agent and controlling the curing 
characteristics by the incorporating proportion thereof, its combination with the dehydrating agent, and the like. The 
curing characteristics are entirely different from those brought about by the formulation of the conventional epoxy resin/ 
moisture-curing type curing agent used in paints and the like. It is particularly preferred to use the curable composition 

20 according to the present invention in a closed system between the tendon such as prestressing steel and the resin 
sheath from the viewpoint of effectively exhibiting the various effects thereof. 

[0038] The chemical equivalent of the curing reaction and reactivity vary according to the kind of the epoxy resin 
and the kind of the moisture-curing type curing agent such as a ketimlne compound. Accordingly, the preferable 
amounts of the epoxy resin and the moisture-curing type curing agent incorporated vary according to the kinds thereof. 
25 However, the following characteristics can be brought about by controlling the kinds and incorporating proportions of 
the epoxy resin and the moisture-curing type curing agent, whereby the curable composition having the excellent curing 
characteristics suitable for the uses of the present invention can be provided. 

[0039] More specifically, in the curable composition according to the present invention, the tension Ing-permitting time 
L at 90''C and the number of days M required to cure at nomal temperature satisfy the respective relationships rep- 
30 resented by the following expressions (1) and (2): 

L (hours) > 20 (1) 



M (days) < 1095 (2). 

[0040] The tensioning-permitting time L at 90°C means the time required until the viscosity of the curable composition 
as measured at 25°C at fJtie time when the curable composition has been left to stand under environment of 90°C and 
40 60% In relative humidity reaches 1 0,000 poises (ps). More specifically, the viscosity of the curable composition can be 
obtained by leaving the curable composition to stand under environment of 90^C and 60% In relative humidity for the 
prescribed period of time in a state that the curable composition has been filled between a tendon and a sheath and 
then taking the curable composition out of the sheath to measure a viscosity thereof. 

[0041] The number of days M required to cure at normal temperature means days required until the type D Durometer 
45 hardness of the curable composition as measured in accordance with JIS K 7215 at the time when the curable com- 
position has been left to stand at 25°C reaches 60. More specifically, the number of days M required to cure can be 
obtained by leaving the curable composition to stand in a room controlled at 25°C {relative humidity: about 50%) for 
the prescribed days in a state that the curable composition has been filled between a tendon and a sheath and then 
measuring the hardness of the curable composition. Hie hardness is measured in accordance with JIS K 7215. The 
50 curable composition was regarded as cured when the t^e D Durometer hardness (hereinafter may be referred to 
merely as "Durometer D hardness") of the curable composition is 60 or higher. 

[0042] The control of the tensioning-permitting time L and the number of days M required to cure can also be con- 
ducted by using the moisture-curing type curing agent and the latent curing agent and/or the curing accelerator in 
combination. 

55 [0043] The tensioning-permitting time L is preferably at least 20 hours (L > 20), more preferably at least 50 hours (L 
> 50), still more preferably at least 100 hours (L > 100). The number of days M required to cure Is preferably at most 
1 095 days (M < 1 095; 3 years or shorter), more preferably at most 912 days (M < 912; 2.5 years or shorter), still more 
preferably at most 730 days (M < 730; 2 years or shorter). 
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[0044] If the tensioning-pernnitting time L Is shorter than 20 hours, the curing reaction at a high temperature Is ac- 
celerated like the conventional formulation using dlcyandi amide or the like, and tensioning cannot be conducted after 
hardening concrete according to the size or shape of a concrete structure. In use for tendons for prestressed concrete, 
application actually becomes difficult when it takes a too long period of trme to exhibit performance after execution, 
5 Therefore, it is desirable that the curable composition cures within 2 years at normal temperature, and the curable 
composition must cure within 3 years at the longest. Accordingly, any curable composition that the number of days M 
required to cure exceeds 1095 days is unsuitable for application to the present use. 

[0045] A method for controlling the above-described L and M values will be described taking the case of, for example, 
a curable composition containing 100 parts by weight of a bispheno! A type epoxy resin "Epikote 828" (product of Yuka 

10 Shell Epoxy Kabushiklkaisha), 3 parts by weight of a moisture-curing type curing agent "Epicure H3" (product of Yuka 
Shell Epoxy Kabushiklkaisha) and 3 parts by weight of a thickener "Aerosll RY200S" (product of Nippon Aerosil Co., 
Ltd.). The relationship between the L value or IVl value and the incorporating proporlior^ (phr) of the moisture-curing 
type curing agent "Epicure H3" Is as Illustrated in Figs. 1 and 2. 

[0046] It is understood from the experimental data shown in Figs. 1 and 2 that the incorporation proportion of the 

15 moisture-curing type curing agent to 100 parts by weight of the epoxy resin is desirably controlled to preferably 1 to 
16.5 parts by weight (phr), more preferably 1.25 to 11.2 parts by weight, particularly preferably 1.5 to 7.2 parts by 
weight. In the case where the alcohol and/or the phenol Is added to the above-described curable composition, the 
incorporating proportion of the moisture-curing type curing agent to 100 parts by weight of the epoxy resin can be 
reduced to preferably 0.3 to 13 parts by wetght (phr), more preferably 1 to 10 parts by weight. 

20 [0047] The number of equivalent parts of the moisture-curing type curing agent incorporated in the above formulation 
is 54 parts by weight (phr) per 100 parts by weight of the epoxy resin. Therefore, it is understood that the number of 
parts of the moisture-curing type curing agent Incorporated in the present invention is controlled within a specified 
range less than the number of equivalent parts incorporated, whereby excellent curing characteristics suitable for the 
use of the jM^sent Invention can be obtained. Even when the epoxy resin and the moisture-curing type curing agent 

25 are used in other proportions than the above formulation, the same curing characteristics as described above can be 
obtained so far as the equivalent number thereof is controlled within a range corresponding to the above limited range 
of the number of parts incorporated. 

[0048] The range of the equivalent number corresponding to the proportion of the moisture-curing type curing agent 
Incorporated is preferably 0.019 ^ P ^ 0.31 , more preferably 0.023 < P < 0.21 , partlculariy preferably 0.028 £ P £ 0.13 

30 in terms of a ratio (P) of the parts by weight of the moisture-curing type curing agent incorporated to the equivalent 
parts by weight incorporated. When the alcohol and/or the phenol is added, such a range Is preferably 0.0056 < P < 
0.24, more preferably 0.023 < P < 0.19. 

[0049] The control of the tensioning-permitting time and the number of days required to cure can also be conducted 
by using the moisture-curing type curing agent and the latent curing agent and/or the curing accelerator in combination. 

35 It Is effective that the incorporating amount of the latent curing agent used in the present Invention is controlled to 
generally at most 1 0 g, preferably at most 6 g to the weight of the epoxy resin containing 1 g equivalent weight of an 
epoxy group. If the amount of the latent curing agent Incorporated is too great, the curing reaction becomes too fast, 
and so the tendon may not be tensioned after hardening concrete in some cases. It is effective that the Incorporating 
amount of the cajtring accelerator used In the present inventron is controlled to generally at most 1 g, preferably at most 

40 0.5 g to the weight of the epoxy resin containing 1 g equivalent weight of an epoxy group. If the amount of the curing 
accelerator incorporated is too great, the curing reaction becomes too fast, and so the tendon may not be tensioned 
after hardening concrete in some cases. The weight of the epoxy resin containing 1 g equivalent weight of an epoxy 
group means 189 g in the case of, for example, an epoxy resin the epoxy equivalent of which is 189 g/eq. 
[0050] in the present invention, no particular limitation is imposed on the coating thickness and form of the curable 

45 composition applied to a tendon. However, when a film thickness is very thin, the amount of moisture absorbed upon 
the application per unit quantity of the curable composition becomes greater when production is conducted by, for 
example, a system that the curable composition is applied to the tendon, and the coated surface thereof Is then covered 
with a sheath, and so the curing speed of the curable composition may become too high in some cases. Therefore, it 
is effective that the average thickness of the coating layer is controlled to preferably at least 0.1 mm, more preferably 

50 at least 0.3 mm. The upper limit of the average thickness of the coating layer can be suitably determined according to 
the shape and size of the tendon, desired curing characteristics, etc. However, good results can be yielded when the 
upper limit is generally at most 5 mm, preferably at most 3 mm. 

[0051] In the present Invention, prestressing steel {steel wire for PC, steel strand for PC, steel bar for PC or the like) 
or the like may be used as a tendon. The prestressing steel is steel well known in this technical field. For example, the 
55 steel wire for PC means "an uncoated stress-relieved steel wire for prestressed concrete". The steel strand for PC 
means "an uncoated stress-relieved steel strand for prestressed concrete". The steel bar for PC means "a steel bar 

for prestressed concrete", 

[0052] In the present Invention, the tendon Is preferably equipped with a sheath. More specifically, a sheath-covered 
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tendon for prestressed concrete of a structure that the curable composition Is applied to the surface of a tendon for 
prestressed concrete, and the coated surface thereof is covered with a sheath is preferred. In the present Invention, 
the sheath may be formed with, for example, a synthetic resin such as polyethylene, or a metal such as normal steel. 
When the sheath fs formed with a synthetic resin, the curable composition Is applied to the surface of the tendon, and 

5 the synthetic resin Is then extruded on the coated surface thereof, whereby the sheath can be formed. 

[0053] No particular limitation Is Imposed on the form of the sheath. However, examples thereof include a pipe-like 
sheath and a sheath on the outside of which indented portions and projected portions in a corrugated or spiral shape 
have been formed. The stability to curing of the curable composition can be enhanced by covering the coated surface 
of the tendon by Sie curable composition with sheath to close it. The sheath-covered tendon ftw prestressed concrete 

10 according to the present invention is in a fom that the curable composition has been filled between the tendon and 
the sheath. 

[0054] The present invention will hereinafter be described more specifically by the following Examples and Compar- 
ative Examples. Various properties or characteristics were determined In accordance with the following respective 
methods. 

15 

(1) Tensionlng-permitting time L at 90°C: 

10055] After a tendon coated with a test curable composition and covered with a sheath was left to stand for the 
prescribed period of time under environment of 90°C and 60% in relative humidity, the sheath was peeled to sample 
20 the curable composition, thereby measuring the viscosity of the curable composition at 25°C by means of a viscoelas- 
ticity analyzer IVIR-300 manufactured by K.K. Rheologe. Parallel plates were used to conduct measurement under 
conditions of a gap of 0.33 mm, a frequency of 5 Hz and a strain of The time required until the viscosity of the 
curable composition at 25°C reached 10,000 poises was determined from the resultant values. 

25 (2) Tensloning-permitting time V at 90°C under steam: 

[0056] In consideration of the fact that a sheath-covered tendon is exposed to water in unhardened concrete in an 
actually used state, tensionlng-permitting time was determined under environmental conditions of QO'^C under steam 
in the same manner as In the above item (1), and this time was regarded as tensioning-psmnitting time L'. 

30 

(3) The number of days M required to cure at normal temperature: 

[0057] The confirmation of cure was conducted by peeling a sheath of a sheath-covered tendon sample stored for 
the prescribed period of time at 25^C to measure the hardness of the curable composition. The hardness was measured 
35 in accordance with JlS K 7215, and the curable composition was regarded as cured when the type D Durometer 
hardness of the curable composition was 60 or higher. 

(4) Overall judgment: 

40 [0058] The tensionlng-permitting time L at 90=^0, tensionlng-permitting time L' at QO^'C under steam and the number 
of days M required to cure at norma) temperature were synthetically taken into consideration to evaluate each curable 
composition sample as to the properties or characteristics by the following 4 ran[<s: 

(0) : Particularly excellent; 

45 O: Excellent; 

A: Good; and 
x: Defective. 

[Example 1] 

so 

[0059] Individual components in a formulation shown in Table 1 making use of a ketimine type curing agent, Epicure 
H3 (product of Yuka Shell Epoxy Kabushikikaisha) as a moisture-curing type curing agent were stirred and mixed to 
obtain a curable composition. The resultant curable composition was applied to steel strand for PC. On the coated 
surface thereof, a polyethylene sheath was fbnned by extrusion making use of high-density polyethylene "HLzex" (prod- 
55 uct of Mitsui Kagaku Co., Ltd.)^ Further, a number of Indented portions and projected portions were formed on the 
sheath by a surface treatment. The thicknesses of the curable composition at each projected portion and indented 
portion were 1 to 3 mm and 0.3 to 0.5 mm, respectively. 

[0060] With respect to the sheath-covered tendon thus obtained, the tensioning-permittingtime Lat 90''G, tensioning- 
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permitting time U at 90°C under steam and the number of days M required to cure at normal temperature were deter- 
mined. As a result, it was confirmed that a curable composition, which was relatively long in the tension Ing-permitting 
time at 90°C, and cured within a year at normal temperature, and a sheath-covered tendon using such a composition 
were obtained. The results are shown in Table 1 . 

5 

[Example 2] 

[0061] A curable composition and a sheath-covered tendon were produced in the same manner as in Example 1 
except that ^e formulation of the curable composition was changed to that shown in Table 1 , to evaluate them. As a 

10 result, it was confirmed that a curable composition, which was long In the tensioning-permitting time at 90°C, and cured 
within a year at normal temperature, and a sheath-covered tendon using such a composition were obtained. 

[Example 3] 

15 [0062] A curable composition and a sheath-covered tendon were produced in the same manner as in Example 1 
except that the formulation of the curable composition was changed to that shown in Table 1, to evaluate them. As a 
result, It was confirmed that a curable composition, which was considerably long in the tensioning-permitting time at 
90°C, and cured within a year at normal temperature, and a sheath-covered tendon using such a composition were 
obtained, 

20 

[Example 4] 

[0063] A curable composition and a sheath-covered tendon were produced in the same manner as in Example 1 
except that the fonnulafion of the curable composition was changed to that shown In Table 1 , to evaluate them. As a 

25 result, it was confirmed that a curable composition, which was considerably long in the tensioning-permitting time at 
90°C, and cured within a year at normal temperature, and a sheath-covered tendon using such a composition were 
obtained. 

[Example 5J 

30 

[0064] A curable composition and a sheath-covered tendon were produced in the same manner as in Example 1 
except that the formulation of the curable composition was changed to that shown in Table 1 , to evaluate them. As a 
result, it was confirmed that a curable composition, which was considerably long in the tensioning-permitting time at 
90°C, and cured within a year at normal temperature, and a sheath-covered tendon using sudi a composition were 
35 obtained. 

[Example 6] 

[0065] A ojrable composition and a sheaSi-covered tendon were produced in the same manner as in Example 1 
40 except that the formulation of the curable composition was changed to that shown In Table 1 , to evaluate them. As a 
result, it was confirmed that a curable composition, which was extremely long In the tensioning-permitting time at 90^C, 
and cured within 2 years at normal temperature, and a shea^-covered terwdon using such a composition were obtained. 

[Example 7] 

45 

[0066] A curable composition and a sheath-covered tendon were produced in the same manner as in Example 1 
except that the formulation of the curable composition was changed to that shown in Table 1 , to evaluate them. As a 
result, it was confirmed that a curable composition, which was extremely long in the tensioning-permitting time at 90°C, 
and cured within 2.5 years at normal temperature, and a sheatti-Kiovered tendon using such a composition were ob- 
50 talned. 

[Example 8] 

[0067] A curable composition and a sheath-covered tendon were produced In the same manner as in Example 1 
55 except that the formulation of the curable composition was changed to that shown in Table 1 , to evaluate them. As a 
result, it was confirmed that a curable composition, which was extremely long in the tensioning-permitting time at 90°C, 
and cured within 3 years at normal temperature, and a sheath-covered tendon using such a composition were obtained. 
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Table 1 





Ex. 1 


Ex.2 


Ex. 3 


Ex.4 


Ex, 5 


Ex. 6 


Ex. 7 


Ex. 8 


Epikote 828 *^ 


100 


100 


100 


100 


100 


100 


100 


100 


Epicure H3 *2 


15 


10 


5 


4 


3 


2 


1.5 


1 


HT2844 '3 


- 


- 


- 


- 






- 


- 


Dicyandiamide*'^ 


- 


- 


- 


- 


- 


- 


- 


- 


Epicure 3010'^ 


















Aerosil RY200S *® 


3 


3 


3 


3 


3 


3 


3 


3 


Tensioning-permitling time L at 90°C (hrs) 


22 


62 


170 


200 


270 


410 


520 


700 


Tensioning-permitting time L at 90°C under 
steam (hrs) 


8 


21 


53 


71 


86 


141 


177 


230 


Days M required to cure (days) 


45 


63 


127 


195 


290 


585 


820 


1077 


Overall judgment 


A 


A 


O 


O 


O 


© 


O 


A 



20 (Note) 

*1 : Bisphenol A type epoxy resin {product of Yuka Shell Epoxy Kabushikikaisha; r = 0.1, epoxy equivaJenf = 189 g/eq). 

*2; Ketimine type moisture-curing type curing ageni {produd of Yuka Shel! Epoxy Kabushikikalsha). 

*3; Latent cunng agent (product of Asahi-CIBA Limited), 

*4; Latent curing agent (product of Nippon Carbide Industries Co-. Ltd.). 

*5: Curing accelerator (product of Yuka SheO Epoxy Kabushikikaisha). 

*6: Thickener (product of Nippon Aerosil Co,, Ltd.). 



[Example 9] 

[0068] A curable composition and a sheath-covered tendon were produced In the same manner as in Example 1 
except that the formulation of the curable composition was changed to that shown in Table 2 using a molsture-curtng 
type curing agent Epicure H3 and a curing accelerator Epicure 3010 In combination, to evaluate them. As a result. It 
was confirmed that a curable composition, which was long In the tension! ng-permitttng time at 90**C, and cured within 
a year at normal temperature, and a sheath-covered tendon using such a composition were obtained. 

[Example 10] 

[0069] A curable composition and a sheath-covered tendon were produced In the same manner as in Example 1 
except that the formulation of the curable composition was changed to that shown in Table 2 using a moisture-curing 
type curing agent Epicure H3 and a latent curing agent HT2844 in combination, to evaluate them. As a result, it was 
confirmed that a curable composition, which was relatively long in the tensioning-permitting time at 90°C, and cured 
within a year at normal temperature, and a sheath-covered tendon using such a composition were obtained. 



[Example 11] 

[0070] A curable composition and a sheath-covered tendon were produced In the same manner as in Example 1 
except that the formulation of the curable composition was changed to that shown in Table 2 using a moisUire-curing 
type curing agent Epicure H3 and a curing accelerator Epicure 3010 in combination, to evaluate them. As a result, it 
was conHrmed that a curable composition, which was considerably long in the tensioning-permitting time at 90''C, and 
cured within a year at normal temperature, and a sheath-covered tendon using such a composition were obtained. 

[Example 12] 

[0071] A curable composition and a sheath-covered tendon were produced in the same manner as in Example 1 
except that the formulation of the curable composition was changed to that shown in Table 2, to evaluate them. As a 
result, It was confirmed that a curable composition, which was considerably long In the tensioning-permitting time at 
90°C, was not reduced in the tensioning-permitting time even under steam and cured within a year at normal temper- 
ature, and a sheath-covered tendon using such a composlfion were obtained. 
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[Example 13] 

[0072] A curable composition and a sheath-covered tendon were produced in the same manner.as In Example 1 
except that the fonnulatlon of the curable composltron was changed to that shown in Table 2, to evaluate them. As a 

5 result, it was confirmed that a curable composition, which was considerably long in the ter^sionlng-permitting time at 
90^0, was not reduced In the tensionlng-permltting time even under steam and cured within a year at normal temper- 
ature, and a sheath-covered tendon using such a composition were obtained, 

[Example 14] 

10 

[0073] A curable composition and a sheath-covered tendon were produced in the same manner as in Example 1 
except that tiie formulation of the curable composition was changed to that shown in Table 2, to evaluate them. As a 
result, it was confirmed that a curable composition, which was considerably long In the tensioning-permittlng time at 
90°C, was not reduced in the tensioning-permitting time even under steam and cured within a year at normal temper- 
as ature, and a sheath-covered tendon using such a composition were obtained. 

pxample 15] 

[0074] A curable composition and a sheath-covered tendon were produced in the same manner as in Example 1 
20 except that the formulation of the curable composition was changed to that shown In Table 2, to evaluate them. As a 
result, It was confirmed that a curable composition, which was extremely long in the tensioning-permitting time at 90°C, 
was not reduced in the tensioning-permitting time even under steam and cured within 2 years at nonnal temperature, 
and a sheath-covered tendon using such a composition were obtained. 

26 [Example 16] 

[0075] A curable composition and a sheath-covered tendon were produced In the same manner as in Example 1 
except that the formulation of the curable composition was changed to that shown in Table 2, to evaluate them. As a 
result, It was confirmed that a curable composition, which was considerably long in the tensioning-permitting time at 
30 QO^C and cured within a year at norma! temperature, and a sheath-covered tendon using such a composition were 
obtained. 

[Example 17] 

35 [0076] A curabfe composition and a sheath-covered tendon were produced in the same manner as in Example 1 
except that the formulation of the curable composition was changed to that shown in Table 2, to evaluate them. As a 
result, It was confirmed that a curable composition, which was considerably long in the tensioning-permitting time at 
90°C, was not reduced In the tensioning-permitting time even under steam and cured within a year at normal temper- 
ature, and a sheath-covered tendon using such a composition were obtained. 

40 

[Example 18] 

[0077] A curable composition and a sheath-covered tendon were produced in the same manner as in Example 1 
except that the fonnulatlon of the curable composition was changed to that shown in Table 2, to evaluate them. As a 

45 result, it was confirmed that a curable composition, which was considerably long in the tensioning-permitting time at 
QO'^O, was not reduced in the tensioning-permitting time even under steam and cured within a year at normal temper- 
ature, and a sheath-covered tendon using such a composition were obtained. 



60 
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(Note) 

*1: Epoxy resin (product of Yuka Shell Epoxy 

Kabushikikaisha) • 
*2: Ketlmine type moisture- curing type curing agent 

(product of Yuka Shell Epoxy Kabushikikaisha}. 
*3: Latent curing agent (product of Asahi-CIBA Limited). 
*4: Latent curing agent (product of Nippon Carbide 

Industries Co. , Ltd. ) . 
*5r Curing accelerator (product of Yuka Shell Epoxy 

Kabushikikaisha) . 
*6: Thickener (product of Nippon Aerosil Co., Ltd.) 
*7: Amount added to Epikote 828 (189 g) containing 1 g 

equivalent weight of an epoxy group. 

IComparative Example 1] 

[0078] A curable composition and a sheath-covered tendon were produced in the same manner as in Example 1 
except that the formulation of the curable composition was changed to that shown in Table 3, to evaluate them. As a 
result, it was confirmed that a curable composition, which was extremely short in the tensioning-permitting time at 
90°C, and could not be applied to places where heat will be generated to a great extent upon hardening of concrete, 
and a sheath-covered tendon using such a composition were obtained, 

[Comparative Example 2} 

[0079] A curable composition and a sheafli-covered tendon were produced in the same manner as in Example 1 
except that the formulation of the curable composition was changed to that shown In Table 3, to evaluate them. As a 
result, it was confirmed that a curable composition, which was short in the tensioning-permitting time at 90°C, and 
could not be applied to places where heat will be generated to a great extent upon hardening of concrete, and a sheath- 
covered tendon using such a composition were obtained. 

[Comparative Example 3] 

[0080] A curable composition and a sheath-covered tendon were produced in the same manner as in Example 1 
except that the formulation of the curable composition was changed to that shown in Table 3, to evaluate them. As a 
result, It was confirmed that a curable composition, which required days exceeding 3 years to cure at normal temper- 
ature, and was difficult to actually apply from the viewpoints of a term of works and the like, and a sheath-covered 
tendon using such a composition were obtained. 

IComparative Example 4] 

[0081] A curable composition and a sheath-covered tendon were produced in the same manner as in Example 1 
except that the formulation of the curable composition was changed to that shown In Table 3 using no moisture-curing 
type curing agent, but using a latent curing agent, dicyandiamide, to evaluate them. As a result, it was confirmed that 
a curable composition, which was extremely short in the tensioning-permitting time at 90°C, and could not be applied 
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to places where heat wilf be generated to a great extent upon hardening of concrete, and a sheath-covered tendon 
using such a composition were obtained. 



Table 3 





Com p. Ex. 1 


Comp. Ex. 2 


Comp. Ex. 3 


Comp. Ex. 4 


Epikote 828 *1 


100 


100 


100 


100 


Epicure H3 "2 


30 


20 


0.5 


- 


HT2844 '3 










Dicyandiamfde *^ 








8 


Epicure 3010 '5 








0.1 


Aerosi!RY200S*B 


3 


3 


3 


3 


Benzyl alcohol 








7 


Tensioning-permlttlng time L at 90''C (hrs) 


7 


12.5 


1233 


9 


Days M required to cure (days) 


22 


37 


>1100 


424 


Overall judgment 


X 


X 


X 


X 



(Note) 

*1 : Epoxy resm {product of YuKa Shell Epoxy Kabushikikaisha). 

*2: Ketimine type moislum-curing type curing agent (product of Yuka Shell Epoxy Kabushlkikalsha). 

*3; Latent curing agent (product of Asahi-CIBA Limited). 

*4: Latent curing agejil {product of Nippon Carbide Industries Co., Ltd.). 

*5: Curing accelerates (product of Yuka Shell Epoxy Kabushlkikaisha). 

*6: Thicfeener (product of Nippon Aerosii Co., Ltd.) 

[0082] According to the present invention, curable compositions for tendons for prestressed concrete, which can 
completely prevent the tendons from being corroded without conducting injection of a grout into a sheath and used 
even when they are heated to a high temperature by heat generated upon hardening of concrete, can be provided. 
According to the present invention, sheath-covered tendons for prestressed concrete, which are not required to inject 
a grout into a sheath in a post-tensioning system for prestressed concrete, are bonded with concrete after tensioning 
the tendons and are completely prevented from being corroded, can also be provided. 

[0OB3] According to the present invention, curable compositions which permit the compatibility of the slow curing 
reaction at high temperature with the curability at normal temperature, which has heretofore been impossible, are 
provided, thereby providing curable compositions for tendons for prestressed concrete and sheath-covered tendons, 
which are not required to inject a grout into a sheath, permit complete prevention of corrosion and can be used even 
when such a curable composition Is heated to a high temperature by heat generated from concrete. 



Claims 

1. A curable composition for tendons for prestressed concrete, which composition is applied, in use, to the surface 
of a tendon for prestressed concrete, said composition comprising at least one epoxy resin and at least one mois- 
ture-curing type curing agent, wherein the tensioning-permlttlng time L at QO'^C and the number of days M required 
to cure at norma! temperature satisfy ^e following relationships 



L (hours) > 20 (1) 



M (days) < 1095 (2) 

where L is the number of hours required until the viscosity of the curable composition as measured at 25°0 at the 
time when the curable composition has been left to stand under environment of 90°C and 60% in relative humidity 
reaches 10,000 poises, and U is the number of days required until the type D Durometer hardness of the curable 
composition as measured In accordance wiSi JIS K 7215 at the time when the curable composition has been ieft 
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to stand at 25°C reaches 60. 

2. The curable composition according to Claim 1 , wherein the epoxy resin is at least one fiquid epoxy resin selected 
from bisphenoi A type epoxy resins and/or bisphenol F type epoxy resins. 

5 

3. The curable composition according to Claim 1 or Claim 2, wherein the moisture-curing type curing agent Is or 
comprises a ketimine compound, 

4. The curable composition according to Claim 3, wherein the ketimine compound is or comprises a compound formed 
10 by a dehydration-condensation reaction of an amine compound with a carbonyl compound. 

5. The curable composition according to any one of Claims 1 to 4, which comprises the moisture-curing type curing 
agent in a proportion of from 1 to 1 6.5 parts by weight per 100 parts by weight of the epoxy resfn. 

15 6. The curable composition according to any one of Claims 1 to 5, whi{^ further comprises an alcohol, a phenol or 

a mixture thereof. 

7. The curable composition according to Claim 6, which comprises an alcohol, a phenol or a mixture thereof In a 
proportion of from 0.1 to 30 parts by weight per 100 parts by weight of the epoxy resin. 

20 

8. The curable composition according to Claim 6 or Claim 7. which comprises the moisture-curing type curing agent 
in a proportion of fn3m 0.3 to 13 parts by weight per 100 parts by weight of the epoxy resin. 

9. The curable composifen according to any one of Claims 1 to 8, which furfiier comprises a dehydrating agent, 

25 

10. The curable composition according to Claim 9, wherein the dehydrating agent is calcium oxide, a water-absorbing 
polymer, a molecuiar sieve, a silane coupling agent or a mixture of two or more thereof. 

1 1 . The curable composition according to Claim 9 or Claim 1 0, which comprises the dehydrating agent In a proportion 
30 of from 0.1 to 200 parts by weight per 1 00 parts by weight of the epoxy resin. 

12. The curable composition according to any one of Claims 1 to 11. which further comprises at least one curing 
auxiliary selected from curing accelerators and/or latent curing agents. 

35 13. The curable composition according to Claim 12, wherein the curing accelerator Is a tertiary amine compound, an 
Imidazole compound, a BF3 complex or a mixture of two or more thereof. 

14. The curable composition according to Claim 12 or Claim 13, wherein the latent curing agent Is a dicyandlamide, 
a dihydrazide, an amine adduct, a dlamlnomaleonltrile or a mixture of two or more thereof. 

40 

15. The curable compositron according to any one of Claims 12 to 14, which comprises the latent curing agent in a 
proportion of at most 10 g to the weight of the epoxy resin containing 1 g equivalent weight of an epoxy group. 

16. The curable composition according to any one of Claims 12 to 15, which comprises the curing accelerator In a 
45 proportion of at most 1 g to the weight of the epoxy resin containing 1 g equivalent weight of an epoxy group, 

17. The curable composition according to any one of Claims 1 to 1 6, which further comprises a thickener. 

18. The curable composition according to any one of Claims 1 to 17. which Is a curable composition applied to the 
50 surface of a tendon for prestressed concrete, which is covered with a sheath. 

19. A sheath-covered tendon for prestressed concrete having a structure which comprises a curable composition 
appiled on to the suri'ace of a tendon, wherein the coated surface is covered with a sheath, and wherein the curable 
composition comprises at least one epoxy resin and at least one moisture-curing type curing agent, wherein the 

55 tensioning-permitting time L at 90''C and the number of days M required to cure at normal temperature satisfy the 

following relationships 
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L (hours) > 20 (1) 



M (days) < 1095 (2) 

where L is the number of hours required until the viscosity of the curabfe composition as measured at 25*'C at the 
tfme when the curable composition has been left to stand under environment of 90°C and 60% In relative humidity 
reaches 1 0,000 poises, and M fs the number of days required until the type D Durometer hardness of the curable 
composition as measured In accordance with JIS K 7215 at the time when the curable composition has been left 
to stand at 25°C reaches 60, 
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FIG. 1 
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